a b s t r a c t 22 This paper presents a numerical investigation of the performance of continuous prestressed concrete 23 beams with bonded fiber reinforced polymer (FRP) and steel tendons. A finite element model has been 24 developed and is validated against the available test data. A numerical test is carried out on two-span 25 continuous bonded prestressed concrete beams. Three types of tendons are considered for a comparative steel reinforcement [1] [2] [3] . FRP materials offer attractive benefits, 42 including high tensile strength, noncorrosive and nonmagnetic 43 properties, favorable fatigue resistance and low weight [4] . In the 44 field of prestressing systems, FRP tendons are a promising alterna-45 tive to traditional steel tendons which are susceptible to corrosive 46 damage. One of the primary concerns for practical applications of 47 FRP tendons is related to anchorages [5] . Over past years, many 48 studies have been undertaken regarding the anchorage systems 49 for FRP tendons [6] [7] [8] [9] [10] . There are three basic composite materials 50 that may be used for prestressing tendons: glass FRP (GFRP), ara-51 mid FRP (AFRP) and carbon FRP (CFRP). GFRP composites are not 52 recommended for bonded tendons because of the poor resistance 53 to alkaline environment and also to creep under sustained loads 54 [11]. AFRP and CFRP composites are both desired for composite 55 tendons and have been widely used for prestressing applications. recommended in Eurocode 2 [22] for structural analysis of con-110 crete members. The stress-strain curve is shown in Fig. 1(a) , where 111 g ¼ e c =e c0 ; r c and e c are the concrete stress and strain, respec-112 tively; k is a coefficient depending on the concrete modulus of elas-113 ticity E c , strain at peak stress e c0 and mean compressive strength 114 f cm . The concrete is assumed to be crushed when its strain reaches 115 the specified ultimate compressive strain e u .
116
The concrete in tension is assumed to be linear elastic prior to 117 cracking and linear strain-softening after cracking, as shown in 118 Fig. 1(b) . The concrete tensile strain at the end of strain-softening 119 is taken as 10 e cr , where e cr is the cracking strain.
120
The stress-strain equation for prestressing steel proposed by 121 Menegotto and Pinto [23] is used in this study. The stress-strain 122 curve is shown in Fig. 1(c A =500 mm shown in Fig. 1 (c).
131
The nonprestressed steel is assumed to be linear elastic prior to 132 yielding and perfectly plastic after yielding, as shown in Fig. 1 Consider a two-node plane beam element to be described in the function and a cubic polynomial of x, respectively, they can be 153 expressed in terms of element nodal displacements as follows:
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where l = length of the beam element; and n ¼ x=l.
161
The axial strain e O on any point of the beam element is given by: 
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According to the total Lagrangian description, the tangent stiffness 189 equations for an element can be determined by applying the princi-190 ple of virtual work as follows:
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217 217 modeling of these effects may be seen elsewhere [25] . shown in Fig. 9 (a) and (b), respectively. It is seen in Fig. 9 
